Introduction Vascular malformations have devastating cosmetic effects in addition to being associated with pain and bleeding. Sclerotherapy has been used as an effective therapeutic modality for the management of vascular malformations. The purpose of this case series is to describe our clinical experience of using sodium tetradecyl sulphate (STS) 3 % in the treatment of venous malformation lesions of head and neck. Materials and Methods Thirteen patients were included in this study (three male and ten female; age range between 8 months and 54 years; mean age 18.2 years, ±SD 15.71). The patients were treated by 3 % STS intralesional injections. Of the thirteen patients treated, complete resolution occurred in four patients (28.57 %), a good response occurred in five patients (35.7 %), a moderate response in two patients (14.28 %), a mild response in two patients (14.28 %) and no response in one patient (7.14 %). The side effects encountered in all patients were pain and edema after injection which was controlled by oral analgesics and an intramuscular injection of dexamethasone. In addition, two patients developed a superficial ulceration (11.76 %) which healed uneventfully, and one patient developed ecchymosis after injection (5.88 %). Conclusion Sclerotherapy with 3 % STS is a simple, safe, and effective modality for the treatment of venous malformations.
Introduction
The classification of vascular malformations has undergone tremendous modifications in recent years. A modified scheme (Table 1) , described by Neville [1] divides vascular malformations into: (a) simple (capillary, venous, lymphatic, arteriovenous) or (b) a combination of two or more of the previous categories. Others classify vascular malformations as low flow (capillary, venous and lymphatic malformations or a combination of them) and high flow (arterial and arteriovenous shunt) [1] [2] [3] . Previous literature reports an incidence of 14-65 % of vascular malformations occurring in the head and neck region [4] . Vascular malformations (VM) are characterized by thin non-proliferating endothelial wall surrounded by a thin smooth muscle layer. These lesions normally don't involute, but continue to increase in size in proportion with body size, often reaching enormous volumes [4] . In contrast, Hemangiomas are active proliferating tumors which demonstrate a characteristic pattern of rapid postnatal growth followed by slow involution [2, 3] . Although the serendipitous discovery of the therapeutic efficacy of propranolol in the management of infantile hemangiomas has revolutionized the care and outcomes of these lesions [5, 6] , there is no standard treatment protocol for the management of VM. Treatment options of low flow VM include simple observation, minimally invasive interventions such as sclerotherapy or embolization [7, 8] , laser ablation [9] , cryotherapy [10] , or more aggressive surgical resection. Management of these lesions varies according to the patient's age, size of the lesion, location, type of the lesion, as well as surgeon experience. VMs of the head and neck region can have a huge impact on cosmesis as well as function. Lesions of the peri-oral area can be associated with bleeding and discomfort during simple daily activities such as eating.
Sclerotherapy is a viable option for the management of VMs due to its safety, ease of administration, and acceptable aesthetic and functional outcomes. By using sclerotherapy, surgical intervention can often be avoided or at least minimized. Sodium tetradecyl sulphate, 3 % STS (Sotradecol [12] , has been widely used as sclerosing agent since 1946. STS is used commonly in the treatment of small varicose veins of the legs, as well as venous and lymphatic malformations [13, 14] . The mechanism of action of STS is to produce maximum endothelial damage with minimal thrombus formation leading to fibrosis of the lesion [12] which leads to shrinkage. The vascular luminal obliteration may or may not be permanent [15] .
In our case series, STS was used for the treatment of Venous malformations (VnM) of the head and neck region. Our endpoints included patient satisfaction and objective evaluation of the lesions' size.
Patients and Methods
After obtaining the Institutional Review Board approval, a series of 13 consecutive patients, who were properly informed of the risks and benefits, were evaluated and treated at the Maxillofacial Unit of Surgical Specialties Hospital, Medical City, Baghdad, for venous malformations of the head and neck in the period between May 2009 and May 2010 ( Table 2 ). The pre-treatment evaluation consisted of a clinical assessment, a thorough history and physical examination, and imaging studies. Imaging of the VnM was performed by Doppler ultrasonography and/or computerized tomography (CT) scan with intravenous contrast. Three patients underwent magnetic resonance imaging (MRI), whereas three other patients were assessed using conventional angiography. The following parameters were recorded: age at presentation, chief complaint, previous treatment, size (largest diameter in cm), location of the lesion, and presence or absence of phleboliths. All patients' VnM were treated by percutaneous and/or permucosal sclerotherapy with 3 % STS solution. The number of sclerotherapy injections and post-treatment responses, assessed by clinical examination, were recorded.
Each patient received an intralesional injection of STS 3 % solution under aseptic technique and without local or general anesthesia, except for children under 2 years of age where general anesthesia was used during the injections. The 3 % Sotradecol Ò solution was injected into each lesion using an insulin syringe and 26-gauge needle. The agent was delivered without radiological guidance. After introducing the needle, the plunger was withdrawn to look for backflow of blood and to confirm appropriate entry of the needle into the center of the vascular space. The sclerosing agent was then injected until the lesion blanched. Larger lesions were treated by multiple injections. A minimum of 0.5-2 ml of the agent was injected into each lesion (at a ratio of 0.5 ml for each 2 cm of lesion size) or a quarter the lesion volume [20] . A compression dressing was applied for at least 2 h post injection. Each milliliter of 3 % STS contains 30 mg of sodium tetradecyl sulfate, 0.02 ml of benzyl alcohol, and 9.0 mg of dibasic sodium phosphate, anhydrous in water for injection at a pH of 7.9; monobasic sodium phosphate and/or sodium hydroxide were added, if needed for pH adjustment [10] .
All the patients received an oral analgesic and a single postoperative dose of intramuscular (gluteal) injection of dexamethasone (4 mg) for adults and 0.2 mg/kg for children to decrease the inflammation and pain post injection. Follow up of each patient was scheduled every 2 weeks, and therapy was repeated after 4 weeks if there was no response or only a partial response.
The response to the treatment was graded as follows: no response (no change in size after injection), mild response (25 % decrease in the size after injection), moderate response (50 % decrease in size after injection), good response (75 % decrease in size after injection), and complete response of the lesion (100 % shrinkage of the lesion with normal appearing skin and/or mucosa).
Response to treatment was assessed clinically and by using photographic assessment at each visit with follow up that ranged between 6 and 12 months.
Results
Data was collected from 13 patients (ten female and three male; mean age 18.2 years, ±SD 15.71, age range between 8 months and 54 years). All patients except one reported that the VnM was present at birth. One patient had the lesion develop at age of 40 years. The lesions involved the following locations (Table 2) : lips (n = 1), cheek (n = 3), buccal mucosa (n = 2), tongue (n = 3), combined lesions of labial and buccal mucosa (n = 2), combined lesions of buccal mucosa and tongue (n = 2) and left parotid region (n = 1). The patient's chief complaint mostly centered on the cosmetic disfigurement caused by the lesion. No prior therapeutic interventions were recorded except in one patient who reported undergoing intralesional steroid injection. The size of the vascular malformations ranged from 1 to 8 cm in its widest diameter with an average size of 3.2 cm. The number of injections of STS per lesion ranged from one to three at different visits with a typical dose of 0.5-2 ml per injection, well under the maximum recommended dose of 0.5 ml/kg [11] . An average of 0.5 ml of STS for each 2 ml volume of lesion was administered [20] . Among the 13 patients, the responses to treatment were complete response in four patients (30.8 %), good response in 4 patients (30.8 %), moderate response in two patients (15.4 %), mild response in two patients (15.4 %) and no response in 1 patient (7.7 %). (Figs. 1, 2, 3, 4 ) No hypersensitivity reactions were observed. The side effects encountered in all patients were pain and edema after injection. Two patients had a superficial ulceration (15.4 %) which healed without scarring. One patient had mild ecchymosis after the injection (7.7 %).
Discussion
Management of VnM is dependent on size, location, and often surgeon preference and comfort. Small VnM's can be completely excised. However, complete surgical eradication of extensive oral or facial venous malformation is rarely possible without jeopardizing function or causing additional disfigurement [9] and/or severe hemorrhage [16] . Other modalities of treatments includes the use of Nd:YAG laser therapy. The disadvantage of this treatment is due to its limited use for superficial cutaneous lesions and the risk of damaging the close vital structures in the face [9] . Sclerotherapy is a safe and effective treatment with minimal morbidity. There are many other agents used for sclerotherapy: sodium morrhuate, bleomycin, ethanolamine oleate, ethanol, hypertonic saline, and various combinations of these medications [8] . The most common side effects were skin necrosis and ulceration, hypersensitivity, and swelling. STS is a widely used sclerosant agent which has been available in Canada and Europe for many years and is primarily used in the treatment of varicose veins. STS has been approved by the US Food and Drug Administration FDA for sclerotherapy of varicose veins [17, 18] . In this case series, our clinical experience with the use of STS 3 % solution tends to validate STS as a minimally invasive, safe, and effective treatment of head and neck VnM. The responses to therapy were very satisfactory in 61.6 % of the treated patients who showed good to complete response. The best response to STS injection was demonstrated clearly in VnM smaller than 2.5 cm due to the fact that the efficacy of the sclerosis depends on the caliber of the feeder vessels and the blood flow. Alternatively, the lower efficacy of sclerotherapy of larger caliber or faster flow lesions was seen as a result of less sclerosant agent making contact with the endothelial cells of the lesional walls. The conclusions for this study are consistent with the previous literature in which the best results were [21] used 3 % STS foam to treat 12 patients who had VnM in the head and neck. They found that a single treatment may be adequate for small lesions, but the injections may be safely repeated until a satisfactory result is obtained in large lesions.
The patients in this case series were treated in an office setting without any radiological guidance. Similarly, Khandpur et al. [19] reported 90-100 % regression in the size of lesions by direct intralesional injection of 3 % STS without radiological guidance into VnM and lymphatic malformations ( Table 3) .
The findings of this case series demonstrated excellent to good results in 61.6 % of the patients, and moderate to mild results in 30.8 % of the patients with direct percutaneous and permucosal intralesional injections of the 3 % STS solution. In this series, one patient who was previously treated by intralesional steroid injections showed no response to therapy; these results were comparable to those results which were obtained from the use of a foam technique (Tessari's method) [20] in which the sclerosing agent foam was formed using a three-way stopcock and two syringes, mixing air with liquid sodium tetradecyl sulfate to create a foam. The optimal formulation was found to be one part sclerosant solution to four parts air. The aim of this method was to verify the safety, feasibility, and efficacy of different doses and concentrations of a sclerosing drug; variations in the preparation of the foam according to several variables, such as dilution, and volume of syringes. The concentrations used ranged from 0.1 to 3 % of STS depending on the caliber of the veins, with the larger caliber lesion, the higher concentration of STS used. The advantage of this method is minimal extravasation of sclerosant foam making it less harmful than the liquid solutions. Tessari's foaming method had been originally used for sclerotherapy of varicose veins of lower limbs where increased hydrostatic pressure might enhance extravasation of the sclerosant agent. Foaming reduces extravasation related side effects and provides sclerosant rich milieu resulting in severe intimal damage. From the authors' perspective however, foaming is not required in preparation of a sclerosant agent for head and neck low flow VM due to relatively low hydrostatic pressure in the head and neck vessels compared to lower limb vessels. Furthermore, to provide a sclerosant-rich milieu inside the lesions, our approach was to increase the concentration of the injected drug and the application of a compression dressing after intralesional injection.
Follow up of the patients was scheduled every 2 weeks and repeated injections were scheduled after 4 weeks in those patients with unsatisfactory results. Four of the patients in this series had two or more repeated injections. The results were monitored by clinical observation, documented and compared by serial photographs as well as clinical measurements. Unfortunately, the continuity of treatment varied among patients due to limited availability of the sclerosant agent, poor patient compliance with the regular follow up, and in some cases the patient's satisfaction with their results.
In the present study, the reported side effects were mild in nature and healed spontaneously. In this series, no serious complications occurred such facial nerve palsy [8] and blindness [7] which have been reported by others. Post injection inflammatory reactions and pain were recorded in all patients. One patient developed a small ulceration at the injection site and another patient developed ecchymosis. Soft-tissue swelling generally increases in the region of the malformation immediately after the injections. Subsequently, necrosis and inflammation induced by the sclerosis subsides with fibrous tissue formation, culminating in progressive reduction in the lesion size. The complete clinical effect of the therapy may not be evident for several months. Patients and their families must be informed about these expected side effects and outcomes so the patient has realistic expectations. 
Conclusion
Sclerotherapy with direct intralesional injection of 3 % STS solution is simple, safe, and effective therapy for managing head and neck VnM that can be done as an office procedure. Smaller lesions have a more favorable response. Further controlled studies need to be performed to determine the overall efficacy of STS in the management of VnM of the head and neck, as well as long term follow-up to observe results. 
